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Abstract: Soil amendment with fly ash (FA) and combined supplementation with N2-fixing cyanobacteria 
masses as biofertilizer were done in field experiments with rice. Amendments with FA levels, 0, 0.5, 1.0, 
2.0, 4.0, 8.0 and 10.0 kg/m2, caused increase in growth and yield of rice up to 8.0 kg/m2, monitored with 
several parameters. Pigment contents and enzyme activities of leaves were enhanced by FA, with the 
maximum level of FA at 10.0 kg/m2. Protein content of rice seeds was the highest in plants grown at FA 
level 4.0 kg/m2. Basic soil properties, pH value, percentage of silt, percentage of clay, water-holding 
capacity, electrical conductivity, cation exchange capacity, and organic carbon content increased due to 
the FA amendment. Parallel supplementation of FA amended plots with 1.0 kg/m2 N2-fixing cyanobacteria 
mass caused further significant increments of the most soil properties, and rice growth and yield 
parameters. 1000-grain weight of rice plants grown at FA level 4.0 kg/m2 along with cyanobacteria 
supplementation was the maximum. Cyanobacteria supplementation caused increase of important basic 
properties of soil including the total N-content. Estimations of elemental content in soils and plant parts 
(root and seed) were done by the atomic absorption spectrophotometry. Accumulations of K, P, Fe and 
several plant micronutrients (Mn, Ni, Co, Zn and Cu) and toxic elements (Pb, Cr and Cd) increased in 
soils and plant parts as a function of the FA gradation, but Na content remained almost unchanged in soils 
and seeds. Supplementation of cyanobacteria had ameliorating effect on toxic metal contents of soils and 
plant parts. The FA level 4.0 kg/m2, with 1.0 kg/m2 cyanobacteria mass supplementation, could be taken 
ideal, since there would be recharging of the soil with essential micronutrients as well as toxic chemicals 
in comparative lesser proportions, and cyanobacteria mass would cause lessening toxic metal loads with 
usual N2-fixation. 
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The amount of fly ash (FA) generated by a thermal 
power station depends on the quality of used coal 
(Pluss and Ferrel, 1991), and, in India, comparatively 
more FA is generated per unit amount of coal because 
of low quality, compared to that in America (Warren 
and Dudas, 1984; Sen and Kumar, 1995; Haque, 2013). 
Moreover, the eco-friendly methods of disposal are 
not enough to sustainably manage/dispose the vast 
mass of FA generated in Indian conditions (Sen and 
Kumar, 1995), and those lie as unclaimed and 
burdened heaps at thermal power stations, with 
eventual contamination of adjacent rice fields (Mishra 
et al, 2007; Samy et al, 2010).  
The rice field ecosystem in Asian countries, 
particularly in low lands, provides a flooded condition 
for three or four weeks before soil puddling and seedling 
transplantation, suitable for the natural growth of 
blue-green algae or cyanobacteria, which are unique 
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for in situ aerobic N2-fixation and contribute to the 
nitrogen economy of rice soil (Padhy, 1985; Paudel et al, 
2012). This is the natural mechanism of recharging of 
rice soils with combined nitrogen sources in areas 
where chemical nitrogen fertilizers are not used. 
Firstly, algalization is the farm practice of separately 
growing N2-fixing cyanobacterial mass for mixing 
them in soil during puddling before transplantation of 
seedlings (Nayak and Prasanna, 2007; Saadatnia and 
Riahi, 2009; Dash et al, 2015). Secondly, cyanobacteria 
have the capacity to invade, colonize and at times 
dominate at extremes of environmental nooks, for 
example, volcanic soils (Schmidt et al, 2008), and 
contribute to the process of soil binding as pioneer 
organisms.  
Heavy metals (Fe, several micronutrients and toxic 
metals) are abundant in FA, with the deficiency of 
fixed C- and N-compounds (Martens et al, 1970; Parab 
et al, 2012). Several heavy metals are useful in minute 
quantities to plants and classified as micronutrients, 
which nonetheless are toxic at higher levels. Moreover, 
metal contents in FA are known to cause the 
enhancement of crop growth in amended soils. FA has 
been used in amending soils supporting several crops, 
rice, cabbage, barley, corn, alfalfa, til and a few more 
(Korcak, 1995; Mishra et al, 2005a, 2007; Samy et al, 
2010), as a method of sustainable waste disposal and 
soil fertilization, worldwide (Dick et al, 2000).  
N2-fixing cyanobacteria can be used during 
amendment of rice soil with FA, for a supplementary 
N-nutrition. Obviously, the decay of grown cyanobacteria 
would help the soil in enrichment of C-compounds 
(Tripathi et al, 2008; Dash et al, 2015). Furthermore, 
cyanobacteria are known to be highly tolerant to heavy 
metals (Rai et al, 1981; Kiran and Thanasekaran, 
2011). Thus, it is worthwhile to examine the value of 
algalization with commercially available cyanobacteria 
for growth and yield of rice as well as a check to the 
expected heavy metal contamination of soil and plant 
parts from FA. Further, it is an extension of earlier 
attempts in the use of FA with rice, green gram and til 
with estimations of heavy metal toxicity (Mishra et al, 
2005a, b, 2007). Moreover, unwitting contamination 
of rice fields by FA-leachate near thermal power 
stations (Samy et al, 2010), especially in wet season 
each year, cause a fear of far-reaching health problems 
from the metal contaminations in India. Similar 
contamination from toxic metals in soils by FA-leachated 
from adjacent coal incinerating power stations should 
also be a commonplace problem in other Asian 
countries. As toxic metals are not degraded to 
innocuous substances, those get biomagnified in 
trophic levels and are the causes of metal poisoning in 
human body through food (Jan et al, 2011). Thus, it 
becomes logistically essential to examine combined 
effects of both amendants in experimental rice agriculture, 
for an aim to achieve a ‘nutrient enrichment module 
with a waste material and a biofertilizer for rice fields’, 
since FA is an intrinsic source of an array of wanted 
and unwanted elements for soil without any C- or 
N-compounds as well as both amendants might be 
mutually inclusive factors for holistic crop-soil 
nutrition. Such a module would be the disposal of an 
industrial waste sustainably for the most important 
crop, rice, used by more 50% people globally. About 
50% rice-area globally is grown under intensive 
farming, which accounts for 75% global rice production 
(Samy et al, 2010), and about 80% farm-land in the 
wet season (Khariff crop) and about 35% farm-land in 
winter season (Rabi crop) are used for rice in India 
(Samy et al, 2010).  
In this study, growth, metabolism and yield of rice, 
physical properties of soil, and heavy metal loaded in 
plant parts after simultaneous amendments of FA and 
cyanobacteria were recorded. Further, rice straw was 
routinely used in commercial cultivation of several 
popular edible mushroom varieties in India. Therefore, 
assessing heavy metal loaded in rice stem/whole plant 
would be regarded as a pertinent attempt. 
MATERIALS AND METHODS 
Analysis of fly ash and soil  
The composition of electro-statically precipitated FA 
obtained from Talcher Thermal Power Station in 
Odisha, India, an unweathered condition, is as follows: 
sand, 15.5%; silt, 72.5%; clay, 13.0%; and pH, 7.4. 
The amounts of elements are (mg/kg): Na, 800; K, 
840; Fe, 425; P, 68; Ni, 190; Co, 670; Pb, 20; Zn, 340; 
Mn, 450; Cu, 700; Cr, 505 and Cd, 131. About 
30%–40% of FA is generated from the used coal in 
Odisha, India (Sen and Kumar, 1995).  
The soil of the experimental field was sandy loam 
with pH 6.8, in a soil/water mixture at the ratio of 
1:2.5. The electrical conductivity (EC) of soil samples 
269 [ȝmol/(L·cm)] was determined by a digital 
conductivity meter (Digison model D1-909, Elico, 
Bombay, India). Nitrogen content (0.3%) was estimated 
with 8 g sun-dried soil by the Kjeldahl method 
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(Parkinson and Allen, 1975). Organic carbon (OC) 
content of the soil samples determined by potassium 
dichromate in acid medium in 5 g soil samples was 
18%. Phosphorus in 10 g soil sample aliquots was 45 
mg/kg, determined with Bray’s solution and fluoride. 
After an addition of chlorostannous acid solution (0.1 
mol/L), the optical density at 660 nm was noted with a 
spectrophotometer (Systronics 105, Bombay, India), 
detailed elsewhere (Mishra et al, 2005b). Leaves from 
plants at 45 d after transplantation (DAT) were used 
for biochemical analysis with 50 mg fresh weight leaf 
samples, as described by Mishra et al (2007). The 
water holding capacity (WHC), and cation exchange 
capacity (CEC) were as detailed by Mishra et al (2007). 
Field experiments with amendments 
The high-yielding rice cultivar Lalata (seeds from 
Central Rice Research Institute, Cuttack, India) was 
used, which needs 135 d for the harvest. It produces 
lengthy straw and long slender grains and is popular in 
commercial agriculture in Odisha, India. It requires 
the usual water logging condition from planting to 
harvesting. The usual farm practice of transplantation 
of 15 d old seedlings grown in a separate seedbed was 
followed. Each plot was 1 m × 1 m size with 30 cm 
wide and 20 cm high ridges between adjacent plots, 
and each plot had 36 plants with a uniform spacing 
between seedlings. Croppings were done in 
consecutive two rainy Khariff and three winter Rabi 
seasons, using separate sets of plots to prevent 
residual effect of amendments of a crop on the next 
crop. Data of Rabi crops were considered and datasets 
of Khariff were ignored as rain caused stagnation of 
water of all experimental fields causing a mix-up.  
Seven FA treatments, 0 (T1), 0.5 (T2), 1.0 (T3), 2.0 
(T4), 4.0 (T5), 8.0 (T6) and 10.0 kg/m2 (T7), and five 
replications of each treatment (the total of 35 plots) 
were prepared and arranged by a randomized block 
design. Other experimental details were as described 
by Mishra et al (2007). Commercially available packets 
of N2-fixing cyanobacteria were obtained from the 
Regional Biofertilizer Development Center, Bangalore, 
India and were supplemented at the recommended 
dose (1.0 kg/m2). To know the effect of cyanobacteria, 
two sets of experimental plots with and without 
cyanobacteria supplementation were maintained. 
Portions of harvested root, culm and seeds of rice 
were thoroughly washed and oven dried at 110 ºC for 
40 h, and the dried plant parts were ground to powders. 
Approximately 1 g powder sample was digested with 
10 mol/L HNO3 (Harper et al, 1989). Digested soil 
and plant samples were subjected to elemental 
analysis by an atomic absorption spectrophotometer 
(Model AA 1475, Bombay, India) at Institute of Minerals 
and Materials Technology, Bhubaneswar, India). Na 
and K contents were measured by a flame photometer. 
The Pearsonian correlation coefficient, r-values 
among recorded parameters in increasing doses of fly 
ash (FA) and FA+cyanobacteria (C), two-tailed paired 
sample t-test for each parameter of growth, yield and 
metal contents in two amending conditions were 
determined by the statistical tool, SPSS 12.0. 
RESULTS 
Growth and yield of rice 
The average value of shoot length of rice plants 
gradually increased from 16.9 cm at T1 through 
gradations of FA to the value of 26.4 cm at T7 under 
FA condition, and a further increase in shoot length 
was recorded from 19.2 cm at T1 to 31.1 cm at T7 
under FA+C condition (Table 1 and Supplemental Fig. 
1). Similarly, average plant dry weight values 
Table 1. Growth and yield of rice grown in graded levels of fly ash amended soils with and without cyanobacteria as supplement (mean ± SD). 
Treatment Shoot height (cm)  Leaf area (cm
2) Tiller number per plant  Plant dry weight (g) 
FA FA+C  FA FA+C FA FA+C  FA FA+C 
T1 16.9 ± 0.9 19.2 ± 0.0  11.1 ± 1.1 13.6 ± 0.6 4.36 ± 0.1 5.14 ± 0.2  110.0 123.0 
T2 19.9 ± 0.3 20.8 ± 0.2  10.0 ± 0.3 12.7 ± 0.9 4.67 ± 0.2 5.40 ± 0.3  136.0 140.8 
T3 23.8 ± 0.4 24.9 ± 0.6  13.8 ± 0.4 15.5 ± 1.2 4.88 ± 0.3 5.70 ± 0.2  137.9 155.5 
T4 22.8 ± 0.8 26.2 ± 0.8  13.9 ± 2.0 16.0 ± 0.8 4.70 ± 0.1 5.03 ± 0.2  151.3 176.0 
T5 27.0 ± 0.8 30.9 ± 0.8  18.1 ± 1.9 22.0 ± 0.7 4.63 ± 0.2 5.90 ± 0.2  190.0 202.4 
T6 24.9 ± 0.7 28.1 ± 0.8  13.8 ± 2.8 28.1 ± 1.2 4.73 ± 0.1 4.73 ± 0.0  204.0 241.0 
T7 26.4 ± 0.8 31.1 ± 0.7  16.8 ± 0.3 28.6 ± 2.4 4.97 ± 0.2 4.06 ± 0.2  182.0 230.6 
r-value 0.971 a  0.687 0.353  0.962 a 
Significance 0.002**  0.030* 0.077  0.008** 
SD, Standard deviation; FA, Fly ash; C, Cyanobacteria.  
a indicates the positive correlations between FA and cyanobacteria amendments; * and **, Significance at 0.05 and 0.01 levels by the two-tailed 
paired sample t-test. 
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increased significantly and the maximum value was 
recorded as 182.0 and 230.6 g at T7 under FA and 
FA+C conditions, respectively. Details of increased 
average values of other parameters of plant growth 
indicated that FA amendments at T6 or T7, clearly 
supported the maximal vegetative growth, and 
additionally, cyanobacteria supplementation invariably 
caused increase in most parameters at the second 
amendant for the optimum growth. Datasets were 
significant for shoot length, leaf area and plant dry 
weight. The yield of rice is presented as the number of 
seeds per panicle, grain yield per plant, and 1000-grain 
weight, all of which increased progressively in FA 
graded soils except number of seeds per panicle (Table 
2 and Supplemental Fig. 2). Yield datasets were 
significant for most parameters, with better grain yield 
due to cyanobacteria supplementation. For example, 
average number of seeds per panicle increased from 
60.3 at T1 to 85.3 at T6 under FA condition; and it 
increased from 64.1 T1 to 91.3 T5 under FA+C 
condition. The value of 1000-grain weight steadily 
increased with increased FA amendments, however no 
significant difference in 1000-grain weight was 
recorded in soil amended with cyanobacteria (Table 2). 
It could be concluded that both T6 and T7 FA caused 
optimum rice yield with cyanobacteria supplementation. 
Biochemical parameters of plant and soil 
At 45 DAT, acetone soluble pigments and activities of 
two enzymes in detached leaves were measured. 
Chlorophyll a content of leaves increased geometrically, 
a nearly 1.5-fold increase was recorded at T7 FA under 
both two conditions. The differences in chlorophyll b 
and carotene contents between T1 and T7 were 
insignificant, but catalase activity and protein/ 
carbohydrate ratio had statistically significant values 
due to cyanobacteria supplementation (Table 3 and 
Supplemental Fig. 3). It could be concluded that most 
biochemical parameters were optimum at T5 and T6 
FA, as cyanobacteria supplementation had additive 
effects.  
FA amendments herein did not cause much change 
in soil texture, which continued to remain loamy sand. 
But the sand percentage relatively decreased from 
83.0% at T1 to 60.3% at T7 under FA condition, and 
from 81.6% to 58.0% under FA+C condition (Table 4 
Table 2. Yield of rice grown in graded levels of fly ash amended soils with and without cyanobacteria supplementation (mean ± SD). 
Treatment 
Length of panicle (cm)  No. of seeds per panicle Grain yield of 100 plants (g)  1000-grain weight (g) 
FA FA+C  FA FA+C FA FA+C  FA FA+C 
T1 13.1 ± 0.3 14.5 ± 0.3  60.3 ± 3.1 64.1 ± 2.1 262.2 265.3  19.69 20.16 
T2 14.0 ± 0.5 13.9 ± 0.4  62.0 ± 2.6 66.9 ± 3.6 269.8 272.0  21.12 20.70 
T3 16.0 ± 0.3 15.9 ± 0.6  70.8 ± 4.4 78.0 ± 9.5 285.3 312.4  21.95 22.38 
T4 16.9 ± 0.5 18.3 ± 0.9  75.5 ± 5.2 85.1 ± 6.1 310.2 342.5  23.42 23.50 
T5 18.7 ± 0.4 21.9 ± 1.0  84.1 ± 4.5 91.3 ± 3.1 357.5 379.0  23.95 24.15 
T6 20.2 ± 2.0 24.8 ± 0.8  85.3 ± 6.3 89.5 ± 3.3 411.8 420.5  23.88 24.30 
T7 20.0 ± 0.6 20.7 ± 1.7  81.3 ± 4.1 83.0 ± 5.0 491.0 495.7  24.25 24.40 
r-value 0.938  0.969 0.989 a   0.985 a 
Significance 0.053    0.001** 0.024*  0.155 
SD, Standard deviation; FA, Fly ash; C, Cyanobacteria. 
a indicates the positive correlations between FA and cyanobacteria amendments; * and **, Significance at 0.05 and 0.01 levels by the two-tailed 
paired sample t-test. 
Table 3. Biochemical analysis of leaves of rice, grown in soil amended with fly ash and cyanobacteria (mean ± SD). 
Treatment 
Chlorophyll a  
(mg/g) 
 
 
Chlorophyll b  
(mg/g) 
 Carotene  
(mg/g) 
Catalase  
[mmol/(L·g)] 
Peroxidase activity 
[mmol/(L·g)] 
 
 
Protein/carbo-
hydrate ratio
FA FA+C FA FA+C FA FA +C FA FA+C FA FA+C FA FA+C
T1 1.03 ± 0.02 1.05 ± 0.02 0.59 ± 0.01 0.62 ± 0.02 3.10 ± 0.01 3.02 ± 0.16 2.49 ± 0.48 3.33 ± 0.47  6.26 ± 0.45  7.02 ± 0.63 0.15 0.18
T2 1.19 ± 0.07 1.03 ± 0.00 0.53 ± 0.02 0.41 ± 0.02 2.67 ± 0.19 3.10 ± 0.43 4.66 ± 0.01 5.16 ± 0.03  9.16 ± 0.09 10.65 ± 0.46 0.23 0.25
T3 1.20 ± 0.03 1.07 ± 0.07 0.43 ± 0.11 0.49 ± 0.06 3.22 ± 0.62 2.98 ± 0.33 5.77 ± 0.43 6.83 ± 0.28 11.85 ± 0.49 11.38 ± 0.61 0.24 0.28
T4 1.16 ± 0.00 1.21 ± 0.10 0.40 ± 0.07 0.59 ± 0.17 3.07 ± 0.46 3.06 ± 0.30 7.38 ± 0.32 7.61 ± 0.19 12.58 ± 0.18 17.97 ± 0.65 0.26 0.28
T5 1.30 ± 0.07 1.38 ± 0.19 0.37 ± 0.02 0.48 ± 0.05 3.21 ± 0.63 3.00 ± 0.44 7.49 ± 0.00 8.33 ± 0.39 14.38 ± 0.78 12.66 ± 0.47 0.28 0.31
T6 1.52 ± 0.08 1.49 ± 0.09 0.56 ± 0.19 0.63 ± 0.10 3.32 ± 0.28 3.10 ± 0.76 6.88 ± 0.77 9.38 ± 0.22 15.88 ± 0.98 14.65 ± 0.75 0.25 0.25
T7 1.66 ± 0.11 1.69 ± 0.06 0.61 ± 0.05 0.61 ± 0.05 3.11 ± 0.58 3.40 ± 0.57 7.53 ± 0.12 9.02 ± 0.39 16.33 ± 0.48 15.00 ± 1.02 0.23 0.23
r-value  0.934 a 0.454 0.119 0.943 a 0.761 0.933 a 
Significance 0.586 0.230 0.957 0.009* 0.676 0.013* 
SD, Standard deviation; FA, Fly ash; C, Cyanobacteria.  
a indicates the positive correlations between FA and cyanobacteria amendments; *, Significance at 0.05 level by the two-tailed paired sample t-test. 
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and Supplemental Fig. 4). The sand percentage, silt 
percentage, and pH value decreased gradually through 
from FA gradation, and cyanobacteria supplementation 
caused statistically significant improvements in silt 
percentage and N content (Table 4, Supplemental Figs. 
4 and 5). Basic properties of soil improved gradually 
and optimum improvements were recorded at T7 under 
FA+C condition. Pearsonian correlation coefficients, 
r-values were computed for FA gradations with and 
without supplementation of cyanobacteria were almost > 
0.9, in part of parameters. It could be concluded that 
FA and cyanobacteria caused major improvements in 
growth, yield of the crop, metabolic activities of 
leaves as well as soil properties and the double 
supplementation could be promoted.  
Mineral status of soil and plant after amendments 
FA amendments caused statistically significant 
changes in K, P and Fe contents of soil samples and 
rice roots. However, cyanobacteria had insignificant 
differences. Na levels remained almost the same, 
implicating no increase of salinity of soil by FA 
treatment (Table 5). These (metal ions except pb, Cr 
and Cd) being growth causing elements, recorded 
enhanced growth rates that could be related with 
increment of these elements. Levels of Mn, Ni, Co, Zn 
and Cu increased progressively with increases of 
doses of FA in soils. Pb content increased from 6.6 
Table 4. Influence of amendments with fly ash and cyanobacteria on basic soil properties. 
Treatment 
Sand percentage 
(%)  
Silt percentage 
(%)  
Clay percentage
(%) WHC pH 
EC  
ȝmol/(L·cm)
CEC 
(mois/kg) 
 
 
OC (%)  N 
FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C
T1 83.0 81.6  7.0  8.4 10.0 10.0 32.85 38.01 6.8 6.6 270 360 2.62 2.41 0.18 0.22 0.30 0.39
T2 81.5 81.0  8.0  9.0 9.5 10.0 14.15 40.23 7.4 7.6 350 423 2.32 2.89 0.23 0.20 0.30 0.41
T3 79.0 78.0 11.0 12.0 10.0 10.0 36.05 40.67 7.6 7.6 298 316 2.84 2.06 0.23 0.17 0.36 0.48
T4 74.2 72.0 14.3 16.0 12.5 12.0 41.12 42.05 7.8 7.7 427 246 2.97 3.31 0.25 0.50 0.35 0.49
T5 70.0 68.0 17.6 18.0 12.4 14.0 47.42 43.27 8.0 8.1 270 206 5.54 3.48 0.20 0.25 0.33 0.47
T6 65.0 64.3 21.2 20.7 13.8 15.3 44.15 45.93 8.3 8.3 377 256 5.01 2.40 0.25 0.25 0.37 0.51
T7 60.3 58.0 25.7 26.0 14.0 16.0 47.46 48.39 8.5 8.5 300 426 3.61 3.12 0.20 0.25 0.37 0.53
r-value 0.997 a 0.997 a  0.960 a 0.656  0.984 a 0.217 0.320 0.418 0.960 a 
Significance  0.002** 0.036* 0.093 0.220 1.000 0.854 0.147 0.303 0.000* 
FA, Fly ash; C, Cyanobacteria; WHC, Water holding capacity; EC, Electrical conductivity; CEC, Cation exchange capacity; OC, Organic carbon; 
N, Kjeldahl nitrogen.  
a indicates the positive correlations between FA and cyanobacteria amendments; * and **, Significance at 0.05 and 0.01 levels by the two-tailed 
paired sample t-test. 
Table 5. Metal content in soil amended by fly ash without and with cyanobacteria.                                             mg/kg
Treatment 
Na  K  P Fe Mn  Ni 
FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C 
T1 1 250 1 280 4 000 3 805 45.5 45.1 300 310 65 73 6.9 6.4 
T2 1 065 1 000 4 225 4 300 58.2 45.5 305 300 96 84 8.0 7.4 
T3 1 115 1 200 4 355 4 300 68.0 45.8 393 389 98 93 11.5 9.0 
T4 1 150 1 100 4 410 4 500 48.5 45.0 380 390 110 107 12.0 11.7 
T5  990 1 000 5 650 5 350 90.0 113.6 265 271 125 123 14.3 15.4 
T6 990 970 6 650 7 000 92.5 106.8 251 259 139 138 16.0 15.9 
T7 980 956 7 300 7 500 103.3 114.0 267 270 143 146 17.8 16.7 
r-value  0.920 a  0.991 a  0.938 a  0.994 a  0.974 a  0.968 a 
Significance 0.810 0.791 0.824 0.144 0.496 0.214 
Treatment 
Co  Zn  Cu Pb Cr  Cd 
FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C 
T1 4.1 4.0 37.4 35.3 3.0 3.4 6.6 7.0 0.0 0.0 1.7 1.7 
T2 4.8 4.9 39.1 40.1 3.6 3.4 8.3 9.3 0.0 0.0 1.7 1.9 
T3 6.2 6.2 38.8 41.0 6.3 7.0 9.6 9.9 1.0 0.8 2.0 1.8 
T4 7.5 8.3 42.6 46.9 8.5 8.2 11.3 13.8 1.7 1.9 1.9 1.0 
T5 8.5 10.1 47.3 48.6 11.3 11.6 13.6 17.0 2.0 1.8 2.3 2.1 
T6 11.5 11.9 56.7 55.3 14.7 13.4 16.1 16.3 2.6 2.1 3.0 3.0 
T7 13.1 12.6 55.4 56.1 17.6 17.1 16.8 16.7 2.7 2.5 3.2 3.0 
r-value  0.979 a  0.964 a  0.995 a  0.946 a  0.986 a 0.810 
Significance 0.256 0.332 0.630 0.072 0.201 0.232 
FA, Fly ash; C, Cyanobacteria.  
a indicates the positive correlations between FA and cyanobacteria amendments. 
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mg/kg at T1 to 16.8 mg/kg at T7 under FA condition 
and 16.7 mg/kg at T7 under FA+C condition. The 
other two heavy metals, Cr and Cd were below the 
levels of detection in the control soil, but levels of 2.7 
and 3.2 mg/kg, respectively at soils with T7 FA were 
noted. Soil levels of Ni, Co, Zn, and Cu, too greatly 
increased at the amendment level of T7 FA (Table 5). 
However, cyanobacterial supplementations caused 
amelioration, rather sequestration of metal contents of 
soil (Table 5).  
The contents of the following elements, Mn, Ni, Co, 
Zn and Cu, had progressive increases in rice roots, 
culms and seeds in increasing levels of FA amendments 
along with and without cyanobacteria, with an 
exception of Ni in culm. Cyanobacteria supplementation 
had lessening effects on the micronutrient-metal 
contents in plant parts (Tables 6–8). The toxic metals, 
Pb, Cr and Cd consistently increased in roots, culm 
and seeds of rice with increased FA levels (Tables 
6–8). The metals accumulated in plant parts in patterns 
specific for each ion. In relative terms, a metal was 
less in roots and culm, and more in seeds (Tables 6–8). 
In each case, the cyanobacteria supplementation 
caused decreased values of metal residues in all plant 
tissues. For each metal except Ni, Co, Cr in culm and 
Na in seed, r-values were > 0.9 and it could be 
concluded that FA amendment in rice soils caused 
both nutrient richness and persisting effects of toxic 
elements in soils, while cyanobacteria supplementation 
caused amelioration in levels of each, but in a limited 
extents, as evident (Tables 6–8).  
The significant levels of each parameter obtained 
from two-tailed paired sample t-test mentioned in each 
table (Tables 1–8) denote differences in each parameter 
of growth, yield and metal sequestration of two conditions. 
It is clear, from these individual tables, that certain 
parameters such as, tiller number per plant, panicle 
length, 1000-grain weight, pigment contents, peroxidase 
activity, almost all physical properties of soil excluding 
sand and silt percentage and broadly, contents of all 
metals were statistically insignificant. This indicated 
that the changes caused by FA in cited parameters 
were not ameliorated by cyanobacteria as supplement. 
DISCUSSION 
Growth and yield of amended with FA increased 
significantly, while double amendments caused better 
increments in individual parameters, holistically. As 
higher levels of FA amendment would cause 
bioaccumulation of toxic heavy metals, using a lower 
level, such as 4.0 kg/m2 FA, would be suitable. The 
cyanobacterial supplementation has the limitation of 
growing a mass separately in standing water for the 
incorporation into soil that is not often cost effective,  
Table 6. Elemental uptake of rice root grown in fly ash amended soil.                                                        mg/kg
Treatment 
Na  K  P Fe Mn  Ni 
FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C 
T1 996 1 000 4 550 4 500 5.3 6.0 285 290 17.0 18.5 4.2 3.5 
T2 980 985 4 100 4 605 7.0 8.0 280 293 20.2 19.5 5.7 4.6 
T3 976 980 4 840 5 000 8.2 9.8 288 301 28.0 21.5 7.0 6.1 
T4 970 970 4 800 4 950 9.2 10.5 276 263 33.0 25.2 10.4 8.0 
T5 980 965 5 800 5 550 10.3 10.3 268 270 38.3 29.6 11.2 9.0 
T6 955 880 8 125 7 600 11.7 11.5 270 265 38.7 32.5 13.9 12.8 
T7 880 850 8 890 8 000 11.3 13.2 263 252 42.5 39.3 15.1 14.0 
r-value 0.892  0.994 a  0.943 a  0.909 a 0.932 a 0.988 a 
Significance 0.218 0.496 0.023 0.892 0.020*  0.002** 
Treatment 
Co  Zn  Cu Pb Cr  Cd 
FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C FA FA+C 
T1 1.8 1.1 2.7 2.7 2.0 1.9 3.9 3.4 1.0 0.0 0.0 0.0 
T2 2.2 1.9 3.1 3.6 4.8 5.0 4.6 5.1 1.0 1.3 0.1 0.0 
T3 3.5 2.6 4.7 4.0 6.0 6.7 5.6 6.1 1.9 1.7 1.0 0.8 
T4 4.0 3.5 5.6 5.5 8.9 8.6 6.7 7.1 3.2 2.8 2.1 1.8 
T5 4.9 4.2 6.6 6.5 11.1 9.5 11.9 10.5 4.3 3.6 2.7 2.0 
T6 6.8 5.9 7.5 8.9 11.6 10.6 13.5 12.9 5.2 5.0 3.4 2.4 
T7 7.8 7.0 9.6 10.5 12.4 10.8 14.1 13.6 6.8 5.7 4.0 2.8 
r-value 0.996 a  0.978 a  0.986 a  0.990 a 0.977 a 0.995 a 
Significance 0.000* 0.350 0.169 0.433 0.047* 0.033* 
FA, Fly ash; C, Cyanobacteria.  
a indicates the positive correlations between FA and cyanobacteria amendments; * and **, Significance at 0.05 and 0.01 levels by the two-tailed 
paired sample t-test. 
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recommendation of 1.0 kg/m2 cyanobacterial mass 
seems ideal. Similar growth enhancements due to FA 
addition had been recorded for several crops (Korcak, 
1995; Mishra et al, 2005b), including rice (Mishra et al, 
2007). As expected, growth enhancements of plants at 
FA levels were due to richness in micronutrients and 
increased pH of soil, but slightly alkaline due to the 
lime component present in FA had probably no visible 
adverse effect. Obviously, exchange of metal ions had 
been facilitated by a slightly alkaline pH in soils, as 
well as increased levels of CEC and EC, as reported 
(Woitke et al, 2001). Furthermore, supplementation of 
cyanobacteria caused some higher yield because of the 
inherent N2-fixing capacity with the eventual release 
Table 7. Elemental uptake of rice stem grown in fly ash and cyanobacteria amended soil.                                        mg/kg
Treatment 
Na  K  P Fe Mn  Ni 
FA FA+C  FA FA+C  FA FA+C FA FA+C FA FA+C  FA FA+C 
T1 950 955  5 045 5 200  23.0 22.4 3.4  2.5  3.9 3.0  229 210 
T2 945 945  5 020 5 050  25.6 22.1 4.5  3.8  2.5 2.9  203 177 
T3 945 945  5 160 5 200  28.5 23.4 8.0  12.7  5.0 4.2  189 159 
T4 980 956  5 560 5 450  27.6 25.0 13.8  13.0  5.8 6.5  193 179 
T5 982 960  6 740 6 851  30.0 27.0 18.9  15.0  7.6 10.8  188 220 
T6 940 880  9 000 8 500  31.3 30.5 26.3  20.0  10.5 9.01  217 225 
T7 850 840  9 500 9 200  31.8 29.6 33.0  24.3  10.8 10.0  228 206 
r-value 0.879   0.997 a  0.890  0.955 a 0.883  0.498 
Significance 0.111  0.400    0.005** 0.202 0.944  0.274 
Treatment 
Co  Zn  Cu Pb Cr  Cd 
FA FA+C  FA FA+C  FA FA+C FA FA+C FA FA+C  FA FA+C 
T1 21.3 22.0 2.4 2.8 0.0 0.0 2.6 2.0 0.0 0.0 1.7 1.7 
T2 23.0 24.0 3.8 4.0 0.9 1.0 4.3 6.5 0.0 0.8 3.0 2.0 
T3 25.0 24.7 4.0 5.4 1.6 1.5 7.0 5.9 1.7 1.5 5.3 4.1 
T4 30.6 20.5 6.7 7.0 2.0 2.1 7.5 8.0 1.8 2.9 5.0 3.6 
T5 40.0 23.3 8.0 8.0 3.6 2.7 10.9 9.6 3.0 1.1 5.2 3.2 
T6 45.1 35.0 9.8 9.3 2.6 3.0 11.7 10.1 4.1 1.3 7.5 5.3 
T7 49.8 36.5 10.1 13.8 3.5 2.8 10.9 10.4 4.5 1.6 6.2 6.0 
r-value 0.805  0.929 a  0.942 a  0.932 a 0.388  0.907 a 
Significance 0.045 0.190 0.409 0.515 0.235 0.012 
FA, Fly ash; C, Cyanobacteria.  
a indicates the positive correlations between FA and cyanobacteria amendments; **, Significance at 0.01 level by the two-tailed paired sample 
t-test. 
Table 8. Elemental uptake of rice seed grown in fly ash and cyanobacteria amended soil.                                        mg/kg
Treatment Na  K  P Fe Mn  Ni 
FA FA+C  FA FA+C  FA FA+C FA FA+C FA FA+C  FA FA+C 
T1 925 930  5 666 5 200   18.6  17.3  40.0  43.0 19.3 18.7  0.9 0.8  
T2 900 928  5 500 5 240   19.7  19.2  47.7  46.1 26.3 24.9  3.0 2.6  
T3 915 905  5 550 5 860   19.6  20.3  50.0  53.6 25.1 27.7  3.6 5.0  
T4 930 900  7 005 6 280   22.9  21.7  62.7  60.8 28.6 27.0  6.4 5.6  
T5 940 960  8 350 8 050   23.8  20.6  76.9  70.0 40.6 36.5  10.3 8.1  
T6 845 860  10 670 11 500   24.2  22.7  85.0  65.6 44.7 40.0  12.9 9.7  
T7 891 871  12 700 10 580   25.0  23.4  90.0  76.0 52.0 39.6  17.0 12.0  
r-value 0.794    0.946 a   0.895 a  0.957 a  0.962 a   0.981 a 
Significance 0.894  0.306  0.033 0.156 0.126  0.120 
Treatment Co  Zn  Cu Pb Cr  Cd 
FA FA+C FA FA+C  FA FA+C FA FA+C FA FA+C  FA FA+C 
T1 0.9 0.6 3.5 3.0 1.1 0.0 0.7 0.8 0.1 0.1 0.0 0.1 
T2 1.6 1.3 4.6 4.0 5.0 3.4 0.7 0.0 2.0 1.6 0.8 0.6 
T3 3.4 2.9 5.9 4.4 4.5 8.0 3.6 4.9 3.8 2.8 1.4 1.1 
T4 5.6 4.9 5.7 5.8 6.4 5.3 4.7 4.0 2.9 2.4 3.7 2.8 
T5 7.2 5.3 5.0 6.0 10.6 7.0 6.2 4.7 4.3 3.0 3.5 3.0 
T6 7.8 5.0 6.5 7.1 13.4 10.7 7.9 5.0 6.3 3.9 4.1 5.7 
T7 8.0 4.6 8.0 9.0 14.1 12.1 10.0 5.4 7.0 5.1 5.4 4.8 
r-value  0.951 a  0.911 a 0.887 0.880  0.986 a  0.920 a 
Significance 0.027 0.969 0.202 0.262 0.015 0.729 
FA, Fly ash; C, Cyanobacteria.  
a indicates the positive correlations between FA and cyanobacteria amendments. 
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of N-compounds to the soils (Padhy, 1985), basical FA 
is devoid of C- and N-compound from coal incineration. 
Cyanobacteria supplementation at each level of FA 
caused better growth and yield patterns of each 
parameter studied, probably for both supplementation 
of N-compounds and amelioration/sequestration of the 
available toxic metal ions and near-toxic levels of 
other metal ions, as cyanobacteria known to tolerate/ 
sequestrate heavy metals well (Rai et al, 1981). In fact, 
the algalization had effect on growth and yield of rice. 
Furthermore, FA had some lime equivalence, for 
which there were increase of soil pH. The EC values 
of soil increased with the application rate facilitating 
leaching of soluble salts from FA. Moreover, FA with 
extremely variable particulate sizes around 250 ȝm 
diameter is often chemically inert and mechanically 
strong (Dick et al, 2000; Miller et al, 2000) and would 
have help improved the basic physical property of the 
amended soil along with aeration of soil, and with the 
addition of essential plant nutrients for the better 
growth and yield of the crop. Moreover, FA also has 
the tendency of soil compaction, from its pozzolanic 
reaction, but algalization is probably caused a thwart 
to the action of FA in rendering an ideal rice-soil 
environment. 
In a similar study from Lucknow, it was described 
that cyanobacterial biofertilizers enhance the growth 
rate of a popular rice cultivar with FA. A study 
suggested that integrated use of FA, cyanobacteria and 
the additional use of a chemical N-fertilizer causes the 
improved rice growth and yield (Tripathi et al, 2008). 
However, this study had almost equal results in 
enhancement of growth and yield of rice with mineral 
accumulation in rice plant parts to a lesser extent; by 
the by, the use of chemical fertilizers during the 
amendment of FA remains redundant, demonstrating 
the effect of cyanobacteria. It was clearly evident here 
that cyanobacteria as biofertilizers with FA were 
blithely suitable for rice-soil fertilization. The concomitant 
disposal of FA was sustainable to a considerable extent.  
Whereas environmental pollution due to heavy 
metals is inevitable for the rapid industrialization and 
undesirable exploitation of earthly resources, monitoring 
of environmental conditions should be helpful in 
pursuing/designing sustainable, effective and popular 
methods for ameliorating the hazardous effects of 
pollutants, as done for soil characteristics herein. 
However, co-supplementation of cyanobacteria had 
enhancing effects on rice growth and yield enhancing 
effects of rice, clearly. FA with burdens of heavy metals 
causes a deterioration of soil, and a well-established 
method may be questioned, because some toxic metals 
even in low concentration found to be abundant in FA. 
Toxic metals may affect metabolic functional state of 
the crop and far-reaching metal accumulations in 
trophic levels (Beesley et al, 2010). However, the 
deficiency of several other ions would cause systemic 
diseases of the plant.  
‘Best management practice’ models are usually 
followed for perennial waste-sources, such as 
agricultural, industrial and municipal solid wastes as 
well as coal combustion by-products. FA has several 
inorganic plant nutrients, particularly trace elements in 
raised levels, due to which soils are enriched during 
amendment (Cooperband, 2000). Research on FA was 
done in many crops in many countries to scale up the 
inherent problem of trace metal enrichments, as these 
elements in larger amounts in organisms cause toxicity. 
Actually, the problem in using FA for crop soils was 
reported in persistence and biomagnifications of trace 
elements (Sim and Pierzynski, 2000). According to the 
standard of America, levels of heavy metals reported 
in this study were safe, particularly for four elements, 
Pb, Ni, Cd and Zn, whose allowable soil concentrations 
are 20, 210, 150, 1 400 mg/kg, respectively (USEPA, 
1976). Therefore, FA can be used as an amendant for 
rice soil. 
The experimental set-up was conducted in winter 
months (Rabi crop) of a tropical country. This study 
can help in rice agriculture at most places, i.e., in 
summer months of colder regions and in winter 
months of tropical countries, as in India or Latin 
America. Anyway, the facility for growing N2-fixing 
cyanobacteria must be adequate, the farmer depends 
on irrigation; potash (K2O) promotes cyanobacteria, 
for a balanced use both amendants. As known, the use 
of chemical N-fertilizer would suppress cyanobacteria 
and green algae and other weeds would come up. The 
experimental set-up was conducted with irrigation 
facilities in winter, but rain-fed land in the Khariff 
season as indicated might cause a confluence of all 
experimental plots (Samy et al, 2010). Thus, cropping 
with a controlled irrigation helped much to eliminate 
the marginal effect. Further, plots of 1.0 m2 size with 
15 cm uniform spacing between plots and 30 cm 
ridges between adjacent plots would have a limited 
marginal effect (Mishra et al, 2007). 
In a field study with soil supporting tomato plant, it 
had been reported that there was growth and yield of 
the crop at FA and soil with the ratio of 50 : 50 and all 
other lesser proportions of FA versus soil (Khan and 
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Khan, 1996). In this study, growth and yield of rice 
was increasing according to increasing gradations of 
FA up to 10 kg/m2. Indeed, such a high level of FA 
amendment would cause accumulation of micronutrients 
and toxic heavy metals in greater amounts in plant 
parts and seeds. Obviously, this would cause metal 
toxicity in consumers; thus, the level of FA at 4 kg/m2 
was concluded ideal, based on yield data as well as, 
metal contents of plant parts. 
Eight elements impose sealing on cumulative life 
time loads in soils as follows (kg/hm2): As, 41; Cd, 39; 
Cu, 1 500; Pb, 300; Hg, 17; Ni, 420; Se, 100; Zn, 2 800 
(USEPA, 1976). However, none of the maximum soil 
loads of these metals exceeded even by the use of the 
highest FA rate of 1 120 kg/m2 in US soils (Dick et al, 
2000). According to them, the level of 22.4 kg/m2 FA 
per year is the safety level for field application. In the 
present study, several metals were below the detection 
limits even at the highest level of 10.0 kg/m2 FA level. 
The highest rate of FA application in present study 
was around 4.4 times less than the safety level of FA 
(22.4 kg/m2) regulated in the US. However, the 
presently used FA doses having a direct co-relation 
with metal contents of soil and plant tissues is a matter 
of concern.  
In the present study, 0.5 kg/m2 FA level had 4.6, 1.0 
and 0.1 kg/m2 of Pb, Cr and Cd in rice roots under FA 
condition, respectively, while at 10.0 kg/m2 FA level, 
the corresponding metals were at levels of 14.1, 6.8, 
and 4.0 mg/kg, respectively (Table 6). Accumulations 
of micro-nutrients, Co, Ni, Mn, Mo, Zn, B and Cu and 
toxic elements, Cr, Cd, Pb, Ag, Al, As, Ba, Be, Sb and 
Se, in plant tissues had been recorded (Dick et al, 
2000). However, the metals cited above were not 
beyond the threshold concentrations in any parts of 
rice plants monitored, according to known standards. 
Critical toxicity levels of metals in crop plants were 
taken as Zn, 100 to 300 mg/kg; Cd, 1 to 200 mg/kg; 
Cr, 2 to 30 mg/kg; Cu, 20 to 100 mg/kg; Ni, 10 to 220 
mg/kg; and Pb, 100 to 300 mg/kg dry plant materials 
(Carlson and Adriano, 1993; Marchner, 1995).  
Cyanobacteria being a source of organic carbon and 
nitrogenous compounds to soil have a high tolerance 
capacity for heavy metals (Rai et al, 1981). This study 
with cyanobacteria-induced record of amelioration/ 
sequestration of metals from FA in all rice plant parts 
indicates a unique ‘soil-fertilizing duet’ for the sustainable 
or the best utilization of an infamous industrial waste. 
Moreover, FA has little amount of nitrogenous compound 
and cyanobacteria supplementation corrects this 
shortfall during reconditioning of soil in the use of FA. 
The previous study indicated similar observations that 
cyanobacteria with FA contributed improvements of 
basic properties of soil, growth and yield of rice 
(Mishra et al, 2005b). However, it can be considered 
here that amending rice soil with FA should be 
attended by the second amendment with cyanobacteria 
(algalization) from the heavy metal accumulation. 
Thus, FA amendment in rice soils caused both nutrient 
richness and persisting effects of toxic elements in 
soils, while cyanobacteria supplementation caused 
limited amelioration of toxic metals, but in a limited 
extent holistically. Similar amelioration of metal 
accumulations by Rhizobium was obtained in 
FA-Phaseolus study (green gram) with an amendment 
by a commercial Rhizobium supplementation (Mishra 
et al, 2005a). 
CONCLUSIONS 
For restoring the soil nutritional status, amendments 
with FA and cyanobacteria are important in Asian rice 
fields, for the fact that FA has limited organic C- and 
N-compounds, and those were supplemented by 
cyanobacteria as exemplified. Clearly, soil amendments 
by FA without or with cyanobacteria supplementation 
caused enhancement in growth and yield of rice that were 
statistically acceptable. Cyanobacteria supplementation 
can cause lessening of metal loads. It could be 
concluded that FA can be used in amending rice soils 
for a year or two in a field, but the continuous leaching 
of toxic metals in wash-outs of FA can cause permanent 
soil contaminations. The level of 4.0 kg/m2 FA amendment, 
with 1.0 kg/m2 cyanobacteria supplementation can be 
taken ideal, since there would be recharging of the soil 
with essential micronutrients, toxic chemicals in soil 
and crop would be at comparatively lesser proportions, 
and cyanobacterial mass would cause lessening toxic 
metal loads with the usual N2-fixation. Higher doses 
of FA amendment would be detrimental because 
micronutrients are required in lower doses, and by 
increasing the FA levels, the micronutrients may become 
toxic along with increasing load of heavy metals. 
Obviously, FA provides additional nutrition of essential 
minerals to soil with eventual increase in growth and 
yield of the crop, up to a limited dose as seen, i.e., 4.0 
kg/m2, and higher FA doses had adverse effects. 
However, FA lacks both C- and N-compounds, which 
are supplemented by the addition of cyanobacterial 
mass as 1.0 kg/m2, causing enhancement of growth 
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and yield of the crop. Since cyanobacterial mass is the 
continual source of organic N-compounds to soil, the 
use of any chemical N-fertilizers remains redundant, 
which would suppress the growth and N2-fixing 
activity of cyanobacteria. Obviously, when chemical 
N-fertilizers are not given, N2-fixation by cyanobacteria 
enriches the soil and help restoration of fertility. The 
decomposition of cyanobacteria holistically adds humus 
to soils, and ultimately helps to the soil-binding process. 
Thus, combinations of both amendants are mutually 
inclusive/supplementary factors in rice cultivation. As 
FA lacks organic matter, it cannot be used alone for 
amending soil rich with sands or gravels. 
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